Objective: The objective of this study is to compare all-cause in-hospital mortality in preterm infants with respiratory distress syndrome (RDS) treated with poractant alfa, calfactant or beractant.
Introduction
Preterm births continue to increase in spite of major advances in perinatal care, especially in developed countries. 1 Prematurity and low birth weight (LBW, < 2500 g) accounted for 16 .5% of all infant deaths in 2005 and was the second leading cause of infant mortality. 2 Respiratory distress syndrome (RDS) is the most common cause of respiratory distress in preterm infants and occurs in nearly 50% of preterm infants born at less than 30 weeks of gestation. 3 Treatment with surfactant for RDS has been shown to significantly decrease pneumothorax, and neonatal and infant mortality. [3] [4] [5] [6] [7] [8] The animal-derived surfactants, poractant alfa (Curosurf, Chiesi Farmaceutici SpA, Parma, Italy), calfactant (Infasurf, Ony, St Louis, MO, USA) and beractant (Survanta, Abbott Nutrition, Columbus, OH, USA) have been shown to be associated with greater early improvement in the requirement for ventilatory support, fewer pneumothoraces and reduced mortality when compared with treatment with first-generation synthetic surfactants. 9, 10 Nine randomized, controlled clinical trials (RCTs) [11] [12] [13] [14] [15] [16] [17] and one retrospective study 18 comparing these surfactant preparations in the setting of RDS treatment have now been published. No significant differences in mortality were found in the four trials that compared beractant with calfactant. 11, 12 Among the five trials that compared beractant with poractant alfa, [13] [14] [15] [16] one reported significantly lower mortality with poractant alfa in infants p32 weeks gestational age. 15 Furthermore, in a meta-analysis of comparative trials, mortality was significantly lower (relative risk: 0.57, 95% CI: 0.34-0.96, P<0.05) with poractant alfa compared with beractant. 3 In the only retrospective study published to date comparing surfactants, Clark et al. 18 found no significant differences in all-cause mortality between beractant-and calfactant-treated patients overall or in any birth weight (BW) subgroups.
There are no published studies comparing mortality in preterm infants treated with the three animal-derived surfactants available in the US. RCTs using mortality as a primary outcome require large sample size, are expensive, and may take several years to complete. The difficulties with conducting comparative RCTs in premature infants with RDS are evidenced by the premature interruption of studies aimed at comparing different surfactant preparations in terms of mortality or bronchopulmonary dysplasia due to insufficient enrollment. 12 To overcome these hurdles, we used data from a large national hospital database to assess whether there were differences in all-cause mortality among preterm infants treated with poractant alfa, calfactant or beractant.
Patients and methods
A retrospective observational cohort analysis was conducted using the US hospital administrative data from the Premier Database. [19] [20] The Premier Database is a large US hospital-based database, containing information on approximately 5.5 million annual hospital discharges (approximately onefifth of all acute care hospitalizations in the US) with day-by-day service level detail. The Premier Data included hospitalizations from more than 600 hospitals, approximately 30 of which were children's hospitals or had children's hospital facilities. These hospitals utilize the database for quality and utilization benchmarking. Hospitals submit data to the database, which undergo quality checks and validation. As well, the data are also used by the US government agencies such as the Food and Drug Administration and Centers for Medicare and Medicaid Services.
19,20
The analyses were conducted using de-identified data in compliance with the Health Insurance Portability and Accountability Act of 1996 (HIPAA). No institutional review board approval for the study was sought, as, in addition to being HIPAA compliant, the de-identified nature of the database would preclude the researchers from identifying any hospital sites or patients. The study was designed to compare all-cause in-hospital mortality, defined by the discharge status of 'expired', in preterm infants treated with poractant alfa, calfactant or beractant.
Study population
Infants were included in the study if they were discharged as an inpatient from a Premier Database hospital from 1 January 2005, through 31 December 2009. Inclusion criteria for the study included having gestational age of 25-32 weeks, BW 500-1999 g, diagnosis of RDS, age p 2 calendar days, when they received the first dose of surfactant, and having received only one of the three study surfactants.
Patients were excluded from the study in case of missing values for any of the variables planned a priori to be included in the logistic regression model, if they received more than one surfactant during their hospitalization, or if there was evidence of congenital abnormalities such as trisomy 13 or 18, anencephaly or dwarfism. Information on diagnosis of RDS, gestational age at birth, BW and congenital anomalies was obtained from International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9) codes.
Statistical analysis
Patient demographics and hospital characteristics were compared between treatment groups using the w 2 -test for categorical variables. The comparison between surfactants in terms of mortality was based on a mixed multilevel, multivariable logistic regression model. The multilevel structure accounted for clustering of infants within hospitals, including a random center effect in the model. 21 Other than the type of surfactant, the following patientlevel factors were included in the model to control for potentially confounding variables: gestational age (categorized into 2-week groups, from 25-26 weeks to 31-32 weeks), BW (categorized into 250-g groups, from 500-749 g to 1750-1999 g), gender, race, 3M All Patient Refined Diagnosis Related Group severity of illness category and risk of mortality category. 22, 23 Furthermore, the following hospital-level factors were included as covariates: US Census region, population served (urban/rural), teaching status (teaching/non-teaching) and hospital size (categorization based on the number of beds).
To assess the sensitivity of the results, three alternative models were estimated. In the first of these, gestational age at birth was excluded from the factors due to the potential inaccuracy in gestational dating. 24 In the second model, the covariates were submitted to a backward selection procedure (removal from the model if P>0.1) to reduce the number of parameters and to obtain more stable estimates of the effects of the surfactants. In the third sensitivity model, the year during which the hospital discharge occurred was added as a covariate to account for potential trends in mortality over time. All statistical analyses were performed using SAS 9.1.3 (SAS Institute Cary, NC, USA).
Results
A total of 14 173 infants discharged from 236 hospitals were included in the study population. Patient demographics and hospital characteristics of the study population are shown in Table 1 .
Overall, the unadjusted all-cause in-hospital mortality rates were 3.61% (n ¼ 184) in the poractant alfa group, 5.95% (n ¼ 201) in the calfactant group, and 4.58% (n ¼ 261) in the beractant group. When stratified by BW, as shown in Figure 1 , the lowest mortality rate was always observed in the poractant alfa group, except for the category 1250-1499 g, where beractanttreated infants had the lowest mortality. Mortality was significantly lower for infants 500-749 g, who received poractant alfa (11.72%) than for those who received calfactant (20.67%, P<0.001) or beractant (17.39%, P ¼ 0.011). In the 1000-1249 g BW category, mortality was significantly higher in the calfactant group (5.46%) than in the poractant alfa (2.67%, P ¼ 0.002) and beractant (3.54%, P ¼ 0.035) groups.
The results of the multilevel, multivariable logistic regression model for all-cause in-hospital mortality are shown in Figure 2 . These results were supported by the sensitivity analyses performed. The increase in the likelihood of death with calfactant compared with poractant alfa was significant in the first two alternative models (51.9% increase, P ¼ 0.036 in the model excluding gestational age and 56.3%, P ¼ 0.016 in the backward selection model) and non-significant in the third model adding discharge year (35.0% increase, P ¼ 0.134). The trend towards an increased mortality with beractant compared with poractant alfa that was observed in the main model reached statistical significance in the first two alternative models (38.2% increase, P ¼ 0.048 and 37.7%, P ¼ 0.040, respectively), but did not reach significance in the third model (24.7% increase, P ¼ 0.179). In all alternative models, no differences in mortality were observed between calfactant and beractant.
Discussion
The present study retrospectively investigated, for the first time, allcause mortality among preterm infants with RDS, treated with the three animal-derived surfactants available in the US, namely, poractant alfa, calfactant or beractant.
To overcome the difference in the demographic characteristics of the population investigated, which can be an intrinsic limitation of retrospective studies, a logistic regression model adjusting for patient and hospital factors was applied. Furthermore, the clustering of infants within hospitals was accounted for by the inclusion of the center effect in the model. 
Neonatal mortality with animal-derived surfactant use R Ramanathan et al
This model found calfactant to be associated with a significantly greater likelihood of death than poractant alfa. Beractant was associated with a non-significant increase in mortality, compared with poractant alfa, and no differences were observed between calfactant and beractant. The results obtained in the full model were also supported by the sensitivity analyses. The alternative models showed a statistically significant reduction of the likelihood death with poractant alfa compared with both calfactant and beractant, except the analysis including discharge year, where the mortality reduction with poractant alfa did not reach statistical significance. In particular, the model which excluded gestational age was performed similar to the approach followed by Clark et al. 18 in the only retrospective comparison of calfactant and beractant published in the literature, which used BW, but not gestational age, as a key covariate. Some evidence suggests that, despite the fact that gestational age is a key factor in determining the outcome in preterm infants, the methods to calculate it are not precise unless an early first trimester fetal ultrasound was used for estimating the gestational age. 24 The unadjusted results were consistent with the adjusted model. Overall, the unadjusted mortality rates found in this study were 3.61% for poractant alfa, 4.58% for beractant and 5.95% for calfactant.
The results of this large retrospective study should be interpreted and validated in the context of other evidence from the medical literature, which report comparisons between animal-derived surfactants. Focusing on poractant alfa and beractant, in a pilot study of 75 preterm infants with RDS by Speer et al., 13 mortality at 28 days was 3% in the poractant alfa 200 mg kg À1 group and 12.5% in the beractant 100 mg kg À1 group; however, this difference did not reach significance (adjusted OR: 0.23, 95% CI: 0.02-2.54, P ¼ 0.23). In a prospective study of 58 RDS infants, Malloy et al. 16 found no significant difference in mortality at 40 weeks between infants receiving poractant alfa and beractant (0 vs 10%, respectively P ¼ 0.08). A larger study by Ramanathan et al. 15 in 293 RDS infants, found in those who were no more than 32 weeks gestational age (n ¼ 270), a 3% mortality at 36 weeks postmenstrual age in the poractant alfa (200 mg kg À1 )-treated infants versus 11% for beractant (100 mg kg À1 )-or poractant alfa (100 mg kg À1 )-treated patients (P ¼ 0.034 and P ¼ 0.046, respectively). In another RCT in 52 RDS patients, Fujii et al. 17 reported that mortality was 8% in the poractant alfa 200 mg kg À1 group versus 19% in the beractant 100 mg kg À1 group (P ¼ 0.27). All together, these randomized, controlled studies consistently showed a survival advantage with poractant alfa over beractant, although this reduction in mortality did not reach significance in most trials due to small sample size. Therefore, the trend towards increased mortality with beractant compared with poractant alfa found in the present retrospective study confirmed the findings of the smaller RCTs performed between these two surfactants.
As far as beractant and calfactant comparisons, both RCTs and retrospective evaluations have shown no mortality difference. The first RCT comparing beractant and calfactant in 1997 showed no difference in mortality between these two surfactants in the overall population. 11 Additionally, Bloom et al. 12 found 10% and 11% mortality rates at 36 weeks post menstrual age for beractant-and calfactant-treated patients, respectively (pX0.05). Finally, in the retrospective study by Clark et al. 18 on 5169 infants, no differences were found in mortality rates before 28 days of age between calfactant and beractant (OR: 1, 95% CI: 0.8-1.3). Our study confirmed the absence of differences in mortality between beractant and calfactant in prospective as well as retrospective studies published to date.
Lastly, no study has been published comparing mortality between poractant alfa and calfactant. This is therefore the first direct comparison available between these two surfactants, showing a significant greater likelihood of death with calfactant than poractant alfa.
Our study has certain limitations due to the retrospective nature of the database used. Among the restrictions of the database, information on the precise cause of death is unavailable and the number of surfactant doses is not reliably calculable. The database Neonatal mortality with animal-derived surfactant use R Ramanathan et al also lacked reliable antenatal steroid use data, partly because antenatal steroids may have been given to the mother before entry into the hospital for delivery, and the Premier Database focused on hospital data by design. It was not possible, therefore, to adjust the model for this factor as a covariate, despite the importance that antenatal steroid use has for improving lung function and reducing RDS severity and its related mortality risk. However, in the Clark et al. 18 study where data on antenatal steroids were available and the comparison between surfactants was adjusted for this covariate, the finding of no difference in the outcome between calfactant and beractant was coherent with our study results.
We acknowledge that the value of retrospective studies, despite their limitations, lies in the possibility to study large patient sample size, contributing to increased study power. This is particularly important in the field of clinical investigation on surfactants, where the known efficacy of treatment on mortality outcomes implies the need for large sample size to detect even small, but significant difference, making RCTs often unaffordable in terms of costs and recruitment. As an example, the treatment trial published by Bloom et al.
12 required a sample size of 2080 infants to detect a 6% difference in infants alive without bronchopulmonary dysplasia between calfactant and beractant. However, the study was terminated prematurely after enrollment of 1361 infants (65.4% of the target). Finally, emerging evidence shows that findings from retrospective studies may provide the medical community with information on drug effectiveness in real-world settings. 25 The lower mortality observed in poractant alfa-treated infants compared with calfactant or beractant prompts one to look for a possible explanation for such different outcomes for poractant alfa over the other two surfactants. The most likely explanation may be due to different surfactant doses administered to the infants included in the database, according to their US-prescribing information: 200 mg kg À1 for poractant alfa, 100 mg kg À1 for beractant and 105 mg kg À1 for calfactant. Poractant alfa is the only surfactant that has been studied using 200 mg kg À1 for the initial dose, and has been associated with faster weaning of oxygen and peak inspiratory pressure, fewer doses and lower mortality. Evidence from a RCT has shown that poractant alfa 200 mg kg À1 is better than poractant alfa 100 mg kg À1 in reducing mortality, whereas when poractant alfa and beractant are used at the same dose of 100 mg kg À1 for the initial dose, no difference in mortality was observed, despite the faster onset of action with poractant alfa. 15 Compared with poractant alfa 100 mg kg
À1
, poractant alfa 200 mg kg À1 has also been shown to result in longer surfactant half-life, fewer retreatments and improved oxygenation. 26 Poractant alfa is the surfactant preparation that closely resembles phosphatidylcholine molecular species composition of human surfactant and contains 27, 28 the highest amount of polyunsaturated fatty acid-phospholipids and plasmalogens amongst other surfactant preparations, when normalized for phospholipid amounts. 29 These components are important for reducing viscosity and interacting with surfactant protein B to regulate the adsorption and spreading properties of the phospholipids. 30 In conclusion, this large retrospective study of preterm infants with RDS found lower mortality among infants who received poractant alfa, compared with infants who received either calfactant or beractant, even after adjusting for patient characteristics such as gestational age and BW, and after accounting for hospital characteristics and center effects. These results in real-world settings are consistent with prior RCTs, but provide additional significant findings that most RCTs have not been able to provide due to their relatively small sample size.
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